INTRODUCTION
Melasma is a common acquired hyperpigmentary disorder characterized by light to dark brown macules and patches occurring in the sun-exposed areas of the face and neck. The major etiological factors include genetic influences, exposure to ultraviolet (UV) radiation, and sex hormones. The results of a recent large global survey in 324 women with melasma suggested that a combination of the known triggers including pregnancy, hormonal birth control, family history and sun-exposure do affect onset of melasma 1 . The results of this study showed that melasma is not always associated with pregnancy or a history of contraceptive use. In many others, a combination of factors including UV exposure, family history and age are likely to play a role in the development of melasma. The treatment of melasma remains a challenge. Numerous treatment options, including topical agents, chemical peels and laser treatments have been tried for treating melasma. The triple fixed combination cream containing hydroquinone, retinoic acid and steroid for a duration of 8 weeks is generally recommended to treat melasma with a superior efficacy than hydroquinone monotherapy 2 . However, the side effect of skin irritation is very common and it is not recommended for long term use. Q-switched pigmentary lasers have not been recommended for treatment of melasma due to the high incidence of postinflammatory hyperpigmentation (PIH) and unpredictable efficacy 3 . Intense pulsed light has shown some efficacy in the treatment of melasma but the risk of PIH still remains high 4 . Fractional laser treatments have been reported to improve melasma. However, a recent report showed that the therapeutic efficacy of fractional lasers did not differ from that of conventional therapies 5 . Recently, a 1064-nm Q-switched Nd:YAG laser with low energy was introduced in the treatment of melasma in Asian patients with considerable results [6] [7] [8] . In this study, patients had minimal downtime without crust formation and significant erythema after laser treatment. However, the possibility of PIH and punctate leucoderma are the major concerns of this treatment 9 .
To date, no treatment for melasma has demonstrated truly satisfactory results, and so far none of these treatments have been demonstrated to prevent frequent relapses. In this review, we discuss several targets to be considered in treatment of melasma. In part I, we will discuss the findings on melanin and melanocytes in melasma. In part II, we will discuss the current understanding of the pathogenesis of increased pigmentation in melasma, i.e. melanocyte activation caused by variable stimuli.
PART I. MELANIN AND MELANOCYTES IN MELASMA
Is the current classification of melasma valid?: speculation on the significance of dermal melanin
Traditionally, melasma is classified according to the depth of melanin pigments into epidermal melasma, dermal melasma and mixed type 10 . As hydroquinone, a tyrosinase inhibitor, targets melanocytes, and not melanophages, it is generally believed that the determination of depth of melanin pigment is helpful in predicting the therapeutic outcome i.e. dermal melasma or mixed type melasma is difficult to treat. Hence, we propose two questions for consideration in treatment of melasma. First question is whether we have a reliable instrument to determine the depth of melanin pigment. The current clinical practice relies on Wood's light examination to determine the depth of melanin pigment. Epidermal melasma exhibits color enhancement of the lesion, whereas dermal melasma exhibits no enhancement of color. However, recent reports have suggested a poor correlation between classification based on Wood's light examination and biopsy skin samples assessed using light microscopy 11, 12 .
In a clinical study, Wood's light examination did not help predict response of melasma to treatment 13 . Therefore, it seems that the clinical use of Wood's light examination is not accurate in determining the level or the depth of melanin pigment. Skin biopsy may be an attractive option in clearly detecting the depth of pigment in melasma. However, our recent study suggested that previous histological classification using single skin biopsy may not be comprehensive 14 . When we examined the complete melasma lesion using in vivo reflectance confocal microscopy (RCM), it showed that the topographic distribution of melanophages was very heterogeneous between one region of the melasma lesion to another and even within a particular region of the melasma lesion. This finding suggested that a reliable classification should be based on the ratio of epidermal to dermal melanin involving the whole lesional skin. The second question which may be more important is whether there exists a true dermal type of melasma. Dermal melanophages are commonly found in the sun-exposed skin and the normal facial skin has pigments in the dermis. Kang et al. 15 suggested that there is no true dermal type of melasma. Melanophages were present both in melasma lesional and perilesional normal skin in 36% of Korean patients. Grimes et al. 11 also reported that all the melasma patients have melanophages in lesional and nonlesional normal skin. The detection of epidermal hyperpigmentation using RCM in all 26 cases in our study of melasma supported the view that there is no true dermal type of melasma 14 . Therefore, melasma is characterized by epidermal hyperpigmentation with or without melanophages. There was no statistically significant difference in the amount of dermal melanin in lesional skin compared to that of perilesional normal skin, although there was an increase in the lesion 11, 15 .
Therefore, it needs to be further studied if this small amount of dermal melanin in the melasma lesional skin does really affect the therapeutic outcome of the treatment.
Increased epidermal pigmentation, the hallmark of melasma
Increased epidermal pigmentation is the hallmark of melasma and must be the main target for melasma treatment (Fig. 1 ). Histological examinations of melasma have consistently shown that lesional skin is characterized by an increased melanin deposition in the all layers of the epidermis. Indeed, there was an 83% increase in epidermal pigmentation in lesional skin of 56 Korean melasma patients. Another study showed a 61% increase in epidermal pigmentation in lesional skin in all the 11 melasma patients of Fitzpatrick skin type IV to Vl. RCM examination of melasma also consistently detected a 35% increase in epidermal pigmentation in all the 26 melasma patients of skin type II to V. Therefore, the true primary histological target in melasma treatment is the epidermal melanin pigmentation in lesional skin. In other words, although the long wavelength laser targets the dermal melanin, the majority of the beam is absorbed by the increased epidermal pigments in the melasma lesion.
Normal melanocytes and hyperactive melanocytes
Melanocytes are responsible for increased epidermal pigmentation in melasma. Indeed, melanocytes within the affected skin are larger, intensely stained cells with prominent dendrites and contain more melanosomes than melanocytes in the unaffected skin, suggesting that melanocytes are active in melasma. Our recent transcriptomic study in 12 Korean melasma patients confirmed that higher amounts of epidermal melanin are due to activation of melanogenesis in epidermal melanocytes (Kang et al. unpublished data). There was upregulation of many melanin biosynthesis-related genes as well as melanocyte markers (Tyrosinase, TYRP1, TYRP2 and MITF) in lesional skin compared to perilesional normal skin of melasma patients. It is not clearly established whether there is an increase in the number of melanocytes in the lesional skin. NKI/beteb immunostaining showed an increase in the number of melanocytes, while Mel 5 staining did not confirm this finding 11, 15 . In our study, we found no significant difference in the mean number of MITF-stained melanocytes in lesional skin compared to perilesional normal skin. It appears that some melasma patients may have hyperactive melanocytes. Interestingly, RCM examination showed that 6 of 25 patients had activated dendritic melanocytes in the melasma lesional skin 14 . FontanaMasson staining showed numerous melanized dropping cells in the melasma lesion and NKI/beteb immunostaining confirmed that these cells were melanocytes. This finding needs to be confirmed but it may help in explaining why some patients respond differently to the standard melasma treatment. For example, topical agents may have limitations in inhibiting the melanogenesis in these hyperactive melanocytes. In addition to this finding from our study, there is an interesting paper showing a significant number of melasma patients (11 of 30) having degraded molecules of melanin in the stratum corneum of lesional skin 16 . The authors suggested that melasma is not a homogeneous disease and this finding may explain the variable success rate of the standard melasma therapy. It may be true that there are personal characteristics of melasma patients.
PART II. PATHOGENESIS OF INCREASED PIGMENTATION IN MELASMA Role of blood vessels in the development of melasma
A major clinical feature of melasma is the hyperpigmented patches, but melasma patients have additional distinguishing features like pronounced telangiectatic erythema confined to the melasma lesional skin (Fig. 2) . Recent data showed that melasma lesions have more vascularization as compared to the perilesional normal skin 14, 17 . Increased expression of vascular endothelial growth factor (VEGF) in keratinocytes was suggested as the major angiogenic factor for altered vessels in melasma 18 . It is unclear whether the increased vasculature in melasma is just the result of chronic UV accumulation accompanying epidermal hyperpigmentation. However, recent studies have suggested that a connection between blood vessels and cutaneous pigmentation could exist. Normal human melanocytes in vitro express VEGF receptors and some of these receptors are functional, and this data suggests that VEGF may play a role in melanocyte behavior in skin 17 . It is also shown that there is an increase in iNOS expression in melasma lesions, providing further perspectives for pathogenesis of increased vasculature in melasma 19 . The biological role of cutaneous blood vessels in the pathogenesis of melasma remains an interesting topic for future studies.
Therefore the question arises: Whether is it necessary to target blood vessels along with the melanin pigment in treating melasma? Very recently, we performed a prospective, controlled, comparative split-face study evaluating the effects of pulsed dye laser (PDL) therapy in association with triple combination cream in the treatment of melasma. The combination of the Triluma cream and PDL induced a significant decrease in the pigmentation as compared to cream alone. Interestingly, the improvement induced by the combination of PDL and the cream remains significant even after one summer while relapses were observed in the group treated with only the cream. It would be tempting to think that the action of PDL on the vascularization might have played an important role in preventing the relapses. By targeting vascularization and at least some part of elastosis in the melasma lesions we might decrease the stimulation of melanocytes, and thus decrease the relapses.
Sun exposure and cellular networks
UV exposure is a major triggering or aggravating factor in the development of melasma. Very recently, it was suggested that visible light also induces hyperpigmentation on type IV-VI skin. 20 Recent histological and immunohistochemical studies have shown that melasma skin shows features of prominent solar damaged skin 21 . Increased solar elastosis in the lesional skin was shown and it was suggested that the process of solar damage may influence the development of hyperpigmentation in the melasma skin. During sun exposure, network of cellular interactions between keratinocytes, fibroblasts and perhaps vasculature and melanocytes may play an important role in epidermal hyperpigmentation in melasma. The role of neighboring keratinocytes during UV exposure has been suggested in melasma. UV irradiation is known to increase the synthesis of alpha-MSH and ACTH derived from POMC in keratinocytes. These peptides lead to proliferation of melanocytes as well as increase in melanin synthesis via stimulation of tyrosinase activity and TRP-1 22 . When comparing biopsies of lesional and perilesional normal skin in melasma, lesional skin showed a statistically significant increase in expression of alpha-MSH 23 .
Fibroblasts in the dermis may also play a role in the development of melasma. Kang et al. 24 reported that the expression of both stem cell factor from fibroblasts and c-kit was significantly increased in the melasma lesional skin. The fibroblast-derived cytokines stimulate the proliferation and melanogenesis of melanocytes in culture 25 .
Therefore, there is a possibility that the dermal inflammation induced by accumulation of UV irradiation may be associated with activation of fibroblasts, which may result in upregulation of SCF in the dermis of melasma patients leading to increased melanogenesis. Inflammation during UV irradiation may function to stimuli for pigmentation. The results of our transcriptomic study suggested the possible role of prostaglandins in the pathogenesis of melasma (unpublished data). We found that prostaglandin metabolic process was significantly upregulated in melasma compared to perilesional normal skin. Prostaglandins and COX2 are synthesized or upregulated in the skin during UV irradiation and affect melanocytes and pigmentation 26 . It is clinically well documented that prostaglandins and their analogues can induce epidermal hyperpigmentation 27 . It can be speculated that the role of steroids in treating melasma may include blocking this process in melasma.
Possible mechanism of melasma associated with sex hormones
Although melasma is not always associated with pregnancy, melasma occurs in 10∼15% of pregnant women and 10∼25% of women taking oral contraceptives 28, 29 . It was suggested that melasma which first appears during a pregnancy may be more likely to resolve without treatment afterwards 1 . Elevated levels of estrogen, progesterone and MSH, especially in the third trimester, have been found in association with melasma 30 . In vitro studies have shown that cultured human melanocytes express estrogen receptors 31 . Estradiol increases the level of melanogenic enzyme especially TRP-2 in normal human melanocytes 32 . Additional supporting evidences showed increased expression of estrogen receptors in the melasma lesional skin 33, 34 . It is speculated that melanocytes in melasma patients may be inherently more sensitive to the increased concentration of estrogens and possibly to the other sex hormones. The effects induced by sex hormones in patients may require additional synergistic events to prime melanocytes, for example, UV light. Very recently, Kim et al. 35 detected downregulation of the H19 gene on a microarray analysis of hyperpigmented and normally pigmented skin from melasma patients. These findings suggested that downregulation of H19 and a sufficient dose of estrogen might be involved in the development of melasma.
CONCLUSION
Melasma is characterized by epidermal hyperpigmentation through increased melanogenesis in melanocytes. Some patients have dermal melanin but its amount is not significant and its distribution is very heterogeneous in the whole melasma lesional skin. It is likely that melasma is not a homogeneous disease and there are personal characteristics of patients with melasma. Melanocytes require the effective modulators of melanin synthesis produced by their neighboring keratinocytes or fibroblasts. The above discussion suggests that endogeneous or exogeneous stimuli may stimulate the microenvironment leading to release of various mediators that cause activation of melanocytes in the development of melasma. It is also possible that these stimuli directly stimulate the melanocytes. Melasma patients may have specialized melanocytes with intrinsic sensitivity to these stimuli. Melasma continues to be a challenge in treatment and several issues remain to be solved. The significance of melanophages in treating melasma is questionable. It needs to be clearly addressed whether the therapeutic outcome is really dependent on melanophages. It is still unknown whether the changes in dermis of melasma patients are simple epiphenomenon of chronic sun exposure or a primary event stimulating melanocytes. The role of vascularization in the pigmentation processes definitely needs to be studied further. This field of research may provide new therapeutic options such as anti-angiogenic agents in pigmentary disorders. Finally, it may be very difficult to address the intrinsic genetic alteration in melanocytes of melasma patients. Future work is needed to identify the candidate genes that are responsible for the development of melasma.
